year has been an enriching experience and I thank you for the privilege and opportunity to serve.
All is not bleak, however. Excellent reviews have recently appeared on significant advances being made in research on chemotherapy,5 on immunological aspects of lymphatic filaniasisand onchocerciasis6 and on epidemiological, vector and control aspects.7 Consequently, for the brief time available, I will only touch upon these mat ters and instead concentrate on a few other in teresting problems which I believe are of im portance to our understanding of the filariases.
OXYGENAND FILARIIDS
The first part of my talk will be devoted to the interaction between oxygen and fllariids. A dis cussion of oxygen requirements leads to a con sideration of a multiplicity of important matters in the biology and host-parasite relationships of these parasites. It serves as a mechanism to in troduce for discussion a variety of important problems, for example: 1) our inadequate un derstanding of the physico-chemical and nutri tional factors that are required by fllariids for growth, molting, differentiation and reproduc tion in vitro; 2) our lack of information about the detailed nature of the tissue and fluid mi croecological milieu which provides the intimate habitat for the various species of fIlariids, em phasizing the great gaps in our understanding of the pathophysiology of the host-parasite rela tionship; and 3) the problems and possible mis interpretations that may arise in biochemical, immunological and drug evaluation studies con ducted using currently inadequate in vitro pro cedures.
Culture systems
One of the pressing needs in filariasis research has been the development of in vitro cultivation systems that would permit the normal growth and maintenance of all stages in the life cycle of filarial worms. For example, the availability of such culture systems would provide new and im portant approaches to the study of those factors which regulate and control developmental pro cesses. Immunological studies would be en hanced in many ways. Stage-specific antigens could be harvested and a variety ofinvestigations studying the arms of the immune effector systems could be critically examined under physiologi cally appropriate conditions. Screening of drugs and the study of the mechanism of drug action against particular stages would similarly become much more reliable and significant. These ap proaches have been commonplace in microbi ology and protozoology for decades and defined culture systems have been of inestimable value to these fields. Such types of in vitro studies as I have mentioned, of course, have been per formed in the past with various fllaniid species. Of necessity, however, they have been short term experiments using media and physico-chemical conditions we now know to be inadequate, with the parasites studied being metabolically stressed and essentially in various stages of dying during the period of in vitro maintenance.
Until fairly recently the number of studies in which attempts had been made to culture fllariids in vitro were discouragingly few. In 1970, I re viewed the literature8 and found that a total of only 43 papers had been published on this subject in approximately 60 years, the first appearing in 1912. Almost all were concerned with survival and maintenance in vitro; no significant growth or development of the worms was reported. Most of the studies were conducted with microfllariae, a few with adult worms and in only four inves tigations were attempts made to obtain growth of third stage larvae from the arthropod vector.
In the ensuing years, however, research on all aspects of filariasis has increased considerably and with it a renewed interest in cultivation as an experimental tool. Some encouraging progress has been made and for the first time significant growth and differentiation in culture of several species of fIlaniids have been reported. These studies are beginning to provide us with an insight into some aspects of the biological processes of these parasites. young adults in a chemically defined medium supplemented with serum.'2'4 Of critical im portance was the gas phase, a relatively low oxy gen tension being required in order for growth, molting and differentiation to occur. Surprising ly, the window for the required partial pressure of oxygen was found to be relatively narrow. De velopment of the larval stages occurred only be tween a partial pressure of oxygen of approxi mately 30 to 50 mm Hg. At higher and lower oxygen levels development was inhibited. Di petalonema viteae thus appears to be a microaer ophilic organism, at least in its mammalian cycle.
Using essentially the same medium and low oxygen tension, Dr. Vishnu Sneller reported at last year's annual meeting of the Society that adult worms of Brugia pahangi could be main tained for 3Â½ to almost 7 months. Microfllariae that were collected after approximately 3Â¾ months of culture developed to third stage larvae in mosquitoes.
These investigations suggest the importance of quantitatively evaluating the oxygen tensions re quired in cultures established with fllariids of humans and of other experimental animal species.
In most such previous studies, mixtures of air! CO2 have been used with discouraging results.
That filariids appear to have the capacity to respond to very small differences in oxygen ten sions present in a host is suggested by the inter esting studies of Hawking'5 on the mechanism of microfilarial periodicity of Wuchereria ban crofti. The nocturnal migration of the microfi lariae appears to be dependent upon the differ ence in oxygen tension that exists between pulmonary arterial and venous blood. Microfi lariae accumulate in the pulmonary vasculature when the venous-arterial difference in oxygen tension is 55 mm Hg or greater. A decrease in the venous-arterial oxygen tension to approxi mately 44 mm Hg or below results in the mi gration of the microfilariae to the peripheral blood. This ability of microfllanae to titrate rel atively small changes in p02 and to respond be haviorally suggests that developing larval and adult stages may also have the capacity to do so. Experimental studies conducted in vitro to ex amine these phenomena should be quite reward ing. The sensory receptors that respond to oxygen are not known. It is possible that the amphids and phasmids may function as chemoreceptors for the gas. How the circadian rhythms of other microfilarial species are entrained into the phys iological rhythms of their hosts is far less well understood. The information that has appeared in recent years on mammalian circadian rhythms may provide the physiological and biochemical basis for the underlying host-parasite relation ship. The location of the circadian pacemaker in the mammalian brain driving the rhythm of mel atonin synthesis'6 and the integration of function of the retina and pineal gland provide an exper imental tool to explore this interesting problem.
In vivo relationships
It is instructive to examine the information available concerning the oxygen tensions in tis sues and body cavities that serve as habitats for various genera and species of filariids. 
Oxygen and mammalian cells
Much information on the oxygen tensions re quired by a variety of mammalian cell types growing in vitro has become available in recent years. Such studies appear to have considerable relevance to cultivation attempts with particular groups of parasites and offer a model framework for future investigations. Some of the results ob tained from studies on the relationship of mam malian cells to oxygen tension in vitro may be summarized as follows:
1. Both neoplastic and non-neoplastic cells have equal or better plating efficiencies at low oxygen tensions (l%â€"3%02) than under a gas phase con taining air (20% 02).21. 22 2. Oxygen inhibition of growth acts directly on the cells and not necessarily by destroying some essential medium component.22 3 . The mechanism of oxygen toxicity is not clearly understood and is complex. An attractive hypothesis is that reactive oxygen radicals formed from reductive intermediates of oxygen during normal cellular metabolism damage the cells.
Oxygen and filaniid energy relationships
Obviously, metabolic differences exist be tween mammalian cells that have a functional Krebs cycle and adult fllariids that rely on gly colysis for energy production. anomalous situation exists with regard to the na ture of their mitochondria. These organelles are highly cristated in all three species,24 such a con dition usually implying an active TCA cycle. This is an interesting problem requiring resolution since it has important implications with regard to potential sites and mechanisms of drug action.
Collagen synthesis
It is also necessary to reconcile the seemingly contradictory fact that although molecular oxy gen presumably is not required for the move ment of B. pahangi and D. viteae adults, it is required for the developmental processes in the growth and differentiation of third stage larvae of D. viteae to the adult form in vitro. Obser vations of this nature suggest that oxygen, al though possibly not required for energy-yielding pathways, may be needed for other metabolic processes. For example, collagen synthesis, which is essential to nematode cuticle formation, is an oxygen-dependent process in which proline-4-monooxygenase converts the proline in proto collagen to hydoxyproline.27 It is of interest that the enzyme in adult Ascanis is partially inhibited at oxygen concentrations exceeding l%â€"5%.
However, inhibition does not occur in the aero bic egg, suggesting the existence of isozymes.28
Whether isozymes of this hydroxylase occur in the larval and adult stages of fllariids requires investigation.
Ecdysteroid synthesis
Another oxygen-requiring process that may be linked to fllariid development is the synthesis of ecdysteroids such as ecdysone. This steroid func tions as a molting hormone in insects and is of agents for nematodes and the use of azasteroids as metabolic probes in the study of cholesterol metabolism in these organisms. It will be of in terest to determine the requirement for oxygen in this regard.
Oxygen toxicity
It is apparent that the need for oxygen by nematodes is quite diverse and complex. In the case of fllariids such as D. viteae, two completely different mechanisms appear to be operative. At quite low oxygen concentrations the limiting as pect may be insufficient oxygen to support syn thetic and metabolic processes required to sus tain the life of the organism. At relatively high oxygen tensions, however, the mechanism of oxygen inhibition very probably is due to its tox icity. Explanations to account for the oxygen tox icity that occurs in many species of organisms have come from a variety of sources. Some of the hypotheses that have been proposed suggest that: 1) oxygen inhibits metabolism by oxidizing SH groups of enzymes; 2) oxygen causes the per oxidation of lipids and the resulting lipid per oxides inhibit enzyme function and affect mem brane integrity; and 3) oxygen radicals formed during normal metabolism damage cells.
Although one or a combination of these factors servations indicate that newborn larvae were more susceptible to being killed by oxidants than were muscle larvae or adults. It was hypothesized that adults and muscle larvae may be more re sistant to killing by leukocytes than newborn lar vae because they contain scavenger enzymes en abling them to resist oxygen-mediated damage. Comparable studies of this type with filariids are needed to determine whether the oxidative in termediates of neutrophils and eosinophils, which are known to severely damage the cuticle of var ious stages of the parasites, may be nuffifled to any degree by the presence of oxygen scavengers in the worm. Forsyth et al.39have hypothesized that albumin which is adsorbed in vivo to mi crofllariae of Onchocerca gibsoni may be acting as a local inhibitor of eosinophil peroxidase-me diated oxidative damage. Bovine serum albumin is a known scavenger of hypochiorous acid which is generated by the reaction of eosinophil per oxidase with H202 and Cl-and which is capable of killing newborn T. spiralis larvae.
Carotenoids and vitamin A
Other chemical factors in the tissue environ ment of fllariids may also serve to protect them from oxygen damage. Vitamins, such as vitamin E and ascorbic acid, are important antioxidants in vivo and their effects on larval development using in vitro cultures should be assessed. In this regard, StÃ¼rchleret al.4Â°have reported that the retinol (vitamin A alcohol) concentration in tis sues of 0. volvulus is very high, averaging eight times higher than the skin of infected individu als. Carotene and retinols have a multiplicity of functions and it will be of interest to investigate these in fllariids.
Carotenoids, although not extensively studied, have been reported to be present in a variety of parasitic helminths: in the larval cestode Schis tocephalus solidus, 4 
GENETICS OF THE FILARIASES

Parasite genetics
Such studies emphasize our ignorance about the very important field of the evolution and genetics of parasitic helminths, particularly fi lands. Although a considerable amount of work has been done by systematists to delineate the evolutionary patterns of fllariids based on mor phology and life history studies, little is known about the genetics of these organisms. This mat ter is of great significance to our understanding of the epidemiology and disease relationships in filariasis. In this regard, the genetics of the mam malian host and the genetics of the arthropod vector inexorably interlock with the genetics of the parasite to form a dynamic interacting trinity. These relationships unquestionably are ex tremely difficult to approach and analyze exper imentally but the rewards could be significant in zyme forms. I have already mentioned the con our understanding of the complexity of the fi lariases. It is apparent that a number of approaches are required to help resolve the matter of identifi cation of species and strains of fllariids. Appli cation of the techniques of molecular biology, isozyme analysis and immunology undoubtedly will be of great value. Monoclonal antibody pro cedures and the use of DNA probes are providing important new tools, but will require great care in developing specificity and sensitivity.
Genetics of vectorial capacity
Although the genetics of vectorial capacity of fllaniids is undoubtedly the best understood as pect of genetic modulation in the filariases, the field is still at a fairly primitive level of devel opment and offers considerable opportunities for studies basic to understanding the host-parasite relationship. It is of vital importance to any con sideration of attempts for the control of filariasis by the replacement of vector populations with filaria-refractory populations. Filariid develop ment in the insect vector is invariably intracel lular and a single host cell type is associated with each filariid species. Apparently, only ticks pro vide more than one cell type in an organism for the development of a filarial species. In insect vectors, however, these are exclusively either the thoracic muscle cells, the cells of the malpighian tubules or the fat body cells. Presumably, the large size of these cells, adequate to accommo date a developing larva, governs the restriction to these three host cell types. The mechanism of recognition and penetration of a specific host cell type by a migrating microfilaria in an insect is not at all understood but apparently it is not a fortuitous event. It is possible that the microfi lana recognizes and responds to specific cues and to a particular cell surface membrane compo nent, but I am unaware of any attempts to study this matter. Susceptibility of mosquitoes to infection with fllariids is inherited, being controlled by simple sex-linked alleles in some groups, and a polygenic condition in others. Refractoriness to infection has been found to be dominant to susceptibility but incomplete penetrance occurs.54'55 Different genes control the development of the various filariid species in the different host cell types. 56 Since arthropod development is fairly rigidly controlled by various hormones such as cody sone and juvenile hormone it was anticipated that manipulation of host hormones might affect filarial development. So far, this has not proved to be the case but this aspect has not been ex plored in depth.
It is likely that mosquito refractory genes di rectly affect host cell types in which the fllariids develop but the mechanism remains ob scure.56'57How mosquito gene regulation affects parasite intracellular differentiation at the bio chemical and molecular level is one of the im portant challenges for future investigators. If it becomes possible with a high degree of success to culture the arthropod phase of the filanal cycle in vitro using infected mosquito cell explants, it may provide a tool with which to examine such factors experimentally.
The role of intracellular microorganisms that exist in mosquito vectors as well as in many species of fllariids is quite perplexing. The precise nature of these organisms is unknown since they have not been isolated and studied in culture. It has been proposed that in mosquitoes the rick ettsia-like organism, Wohibachiapipientis, is the basis for cytoplasmic incompatibility.58 It has also been suggested that the mosquito symbiont provides some necessary component for the de velopment of filarial parasites in mosquitoes. 59 The nature of the symbionts in fllariids is also Trichinella spiralis. In studies evaluating poten tial genetic influences on susceptibility to ban croftian filariasis among Polynesians, significant familial clustering of patients with filariasis was found and the clustering was most compatible with genetic transmission of disease susceptibi! ity. However, there was no evidence for associ ation between individuals' HLA antigen speci ficities and either susceptibility to filarial infection or predisposition to any particular clinical man ifestation of this disease. 63 In a similar study with two ethnic groups, Sri Lankans and Southern Indians, it was found that a heterogeneity in HLA antigen frequency existed between patients with elephantiasis and controls.65 However, the Bl 5 antigen was found to be strongly associated with the development of elephantiasis in both ethnic groups. To explain the differences obtained be tween the two studies, it was suggested that the HLA antigen is probably only a marker for some other disease-associated genes on chromosome 6 that is in linkage disequilibrium with the HLA antigen, in this case Bi 5. The strength of this linkage may vary from population to population.
Geneticsof the mammalian host
It will be interesting to determine whether the association ofBl 5 with elephantiasis is reflected in differences in immune response to the para site.
The association between blood groups and the filariases remains controversial, to some degree because of the differences in methodology and statistics that have been applied. In a recent study conducted in India,66 no association was dem onstrated between blood groups and infection with W. bancrofti. Similarly, in studies on on chocerciasis in Zaire, the ABO blood groups and sickle cells were used as genetic markers. These factors could not be related directly to any con stitutional predisposition to develop the lesions of river blindness.67 However, other genetic fac tors could not be ruled out. Studies on the genetic modulation of the filari ases among human populations are difficult to conduct and interpret for many reasons. How ever, they may ultimately provide important in sights into our understanding of the geographic differences in disease, pathology and immune re sponse and the mechanisms that may be in volved.
PROBLEMS AND CHALLENGES
Obviously, I have not discussed a host of prob lems of compelling nature vital to our under standing and control of the filariases, such as the lack of truly effective drugs having minimal side effects, the possibility of developing protective vaccines, and a multiplicity of vector and epi demiological problems. These are matters which regularly receive a good deal of attention by many groups. Instead, I have focused on a few matters that I believe are equally fundamental to our comprehension of the filariases and which re quire study. Despite the importance of basic research to provide an underpinning for control efforts for the filariases, I wish to close with the proscription provided by Dr. Philip Russell68 in his presiden tial address entitled â€oeExcellence In Research Is Not Enough.â€•Let us assume eventual success. The development of a promising vaccine or drug only signals the beginning of the long, arduous and expensive task of field and clinical trials. For example, funds to underwrite such efforts must be sought in competition with other equally pressing programs also struggling for priority.
Careful planning in the endemic area of choice must be accomplished to provide an infrastruc ture of dedicated, well-trained local personnel capable of conducting a long range program con sonant with national public health goals and bud gets. These are some of the challenges for the future. I have no doubt but that many of the young members of our Society as well as others worldwide will participate in the work of the exciting years that lie ahead. The reward is good science, the sense of kindredness that shapes the human spirit and the alleviation of misery and disease for large numbers of the world's human population.
lymphatic filariasis and onchocerciasis in man. 
